Halophilic, obligately anaerobic, Gram-stain-negative bacterial strains were isolated from a sediment sample taken from under the salt crust of El-Jerid hypersaline lake in southern Tunisia by using tryptone or glucose as the substrate. One strain, CEJFT1B T , was characterized phenotypically and phylogenetically. Cells were non-motile, non-spore-forming, short rods. Strain CEJFT1B
Salt lakes cover a significant area of Tunisia, where they are called sebkhats or chotts. Chott El Jerid located in the South of Tunisia covers about 5000 km 2 . It is an area covered by a salt crust hiding a spongy soil soaked with briny water. Sometimes in winter when a lot of rain falls it acquires the aspect of being a lake. The total salt brine of the Chott El Jerid is estimated to be five billion m 3 , making it a significant resource for useful salts. Although it does not communicate with the Mediterranean Sea, its ionic composition is similar to that of seawater, but the concentration of salts can be 10 times higher, varying between 250 and 330 g l 21 (Kbir-Ariguib et al., 2001) . The solid salts and brine originate from the geological formations of the surrounding mountains.
Most of the anaerobic halophilic fermentative bacteria isolated from hypersaline environments are moderate halophiles, growing optimally at salt concentrations below 150 g l
21
.
However, a few extreme halophiles with optimal salt concentrations for growth exceeding this value have been isolated, such as Halanaerobium lacusrosei (Cayol et al., 1995) , Acetohalobium arabaticum (Zhilina & Zavarzin, 1990) and Halanaerobaculum tunisiense (Hedi et al., 2009) . Here, we report on the isolation and characterization of a novel bacterium, which is anaerobic, extremely halophilic and fermentative, and was isolated from the Chott El Jerid; it belongs to the genus Sporohalobacter (Oren et al., 1987) .
A sample of sediment from Chott El Jerid lake was taken from 10 cm under the salt crust on the edge of the lake and flasks filled with water from the lake were kept at 4 u C until the isolation attempt. The water at the sample site was at 23 u C and the pH was 6.8. The total salt concentration in the water was 346 g l
. Standard anaerobic procedures were followed for the isolation and culture of microorganisms (Hungate, 1969) . The growth medium used for enrichment and isolation contained (l -1 of distilled water): NH 4 Cl, 1.0 g; K 2 HPO 4 , 0.5 g; MgSO 4 . 7H 2 O, 20 g; CaCl 2 . 2H 2 O, 0.1 g; NaCl, 200 g; tryptone, 5 g; KCl, 1 g; yeast extract, 0.5 g; cysteine hydrochloride, 0.5 g; 10 ml trace mineral element solution (Balch et al., 1979) . The pH was adjusted to 6.8 with 10 M KOH. The medium was boiled under a stream of O 2 -free N 2 gas and cooled to room temperature. The cooled medium was dispensed into Hungate tubes (5 ml per tube) and serum bottles (20 ml per bottle) under a stream of N 2 /CO 2 (80 : 20, v/v) gas, and subsequently sterilized by autoclaving at 120 uC for 20 min. Prior to inoculation of the medium in each bottle, 0.4 ml 10 % (w/v) NaHCO 3 and 0.4 ml 2 % (w/v) Na 2 S . 9H 2 O were injected from sterile stock solutions. The medium in each Hungate tube was similarly supplemented, using 0.1 ml of each stock solution. For enrichment of cultures growing on glucose as substrate, 20 mM of glucose from sterile stock solution was added after sterilization. Bottles were anaerobically inoculated with 1 g of homogenized sediment subsample and incubated under anaerobic conditions at 35 u C.
After enrichment, the culture was purified by two rounds of culture using the Hungate roll tube method in 5 ml culture medium solidified by the addition of 2 % (w/v) agar. Colonies in roll tubes after one week were round with entire edges, yellowish-cream and 0.5-1 mm in diameter. Several strains with the same phenotypic characteristics were isolated using tryptone as the carbon and energy source. One of these, strain CEJFT1B T , was selected for detailed characterization. Strain CEJFG41B6 was isolated by using the same procedure, except that glucose (20 mM) replaced tryptone in the culture medium (Mezghani et al., 2012) . Sporohalobacter lortetii DSM 3070 T obtained from the DSMZ (Deutsche Sammlung Von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany) was recharacterized in this study.
The genomic DNA of strains CEJFT1B
T , CEJFG41B6 and S. lortetii DSM 3070 T was extracted with the Wizard Genomic DNA Purification kit (Promega), according to the manufacturer's protocol. The 16S rRNA genes were amplified by PCR using the bacterial universal primers Rd1 and Fd1 (Weisburg et al., 1991) . The amplified 16S-rRNA gene fragments were purified with a QIAquick PCR purification kit (Qiagen) and cloned into the pGEM-T easy plasmid, as recommended by the manufacturer (Promega). Sequences of 1527, 1442 and 1494 nt were obtained and deposited in the GenBank database under accession numbers KJ477328, KJ477329 and KJ477330 for strains CEJFT1B T , CEJFG41B6 and S. lortetii DSM 3070 T , respectively. The most closely related sequences were retrieved from the GenBank database by using the BLAST program (Altschul et al., 1990) , and aligned using the MUSCLE program (Edgar, 2004) . Phylogenetic trees were reconstructed using the MEGA version 5 software package (Tamura et al., 2011) with neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelhood (Felsenstein, 1981) methods. All trees shared the same typology. Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by performing 2000 resamplings (Felsenstein, 1985) . Phylogenetic analyses were restricted to nucleotide positions that could be unambiguously aligned (1378 nt). Strain CEJFT1B
T and strain CEJFG41B6 were found to be identical. The sequence of strain CEJFT1B
T was 98.5 % similar to that of the type strain of S. lortetii ATCC 35059 T (5DSM 3070 T ), which was isolated from deep sediments of the Dead Sea (Oren, 1983) (Fig. 1 ).
DNA-DNA hybridization between strain CEJFT1B
T and S. lortetii DSM 3070
T was performed by the identification service of the DSMZ. Strain CEJFT1B T showed 56.4 % reassociation with S. lortetii DSM 3070
T , lower than the threshold value (70 %) to separate two species (Stackebrandt & Goebel, 1994) . The G+C content of the DNA of strain CEJFT1B
T , determined at DSMZ using the method of Mesbah et al. (1989) , was 32.3 mol%.
Light and electron microscopy, tests for the temperature, pH and salinity ranges for growth, tests for substrate utilization, and the analytical techniques used to determine metabolic products and cellular fatty acid composition were performed as described previously (Gales et al., 2011 ) using the culture medium described above, except that the tryptone concentration was lowered to 0.2 g l
21
. S. lortetii was cultured in the same medium, but the NaCl concentration was adjusted to 10 % (w/v), which was the optimal value determined by Oren (1983) . Experiments on bacterial growth were performed in duplicate, using Hungate tubes containing basal medium. The strain was subcultured at least twice under the same experimental conditions before growth was determined. The presence of spores was assessed by the microscopic observation of cultures with a Nikon Echose 600 phase conliast microscope and by pasteurization tests performed at 80 and 90 u C for 10 and 20 min.
Cells of isolate CEJFT1B
T were short rods (0.7 mm wide62-5 mm long) occurring singly or in pairs (Fig.  2a) . Gram staining was revealed to be negative by electron microscopy (Fig. 2b ). Cells were non-motile and strictly anaerobic. Spores were never observed microscopically on the different liquid or solid culture media tested and no growth was obtained after heat exposure (80 u C, 20 min; 90 u C, 10 min). The formation of highly swollen cell ends, which resembled pre-spore-like structures, was occasionally observed in old liquid cultures (data not shown). S. lortetii was also tested on the same media and no spores were observed even in 3-to 4-week-old cultures. Gas vacuoles were not detected. This isolate grew at temperatures of 30-60 u C, with the optimum at 45 u C. The organism was an obligate halophile, which grew in medium containing 5-30 % (w/v) NaCl. The optimal NaCl concentration for growth was 20 % (w/v). It grew well in the pH range 5.5-7.8; the optimum pH for growth was 6.8.
Strain CEJFT1B
T grew well on the following substrates: glucose, fructose, sucrose, pyruvate, starch and Casamino acids. No growth was observed on cellobiose, maltose, galactose, lactose, mannitol, ribose, raffinose, glycerol, xylose, malate, mannose, succinate, fumarate, trimethylamine or chitin. Strain CEJFT1B
T fermented glucose with the production of acetate, butyrate, H 2 and CO 2 (Table 1) . It did not reduce thiosulfate, sulfate, sulfur or sulfite into sulfide. Yeast extract (0.2 g l 21 ) was required for growth. The doubling time under optimal conditions and with glucose as substrate was 2.2 h. Twenty amino acids were tested. Only five were used as substrates for fermentation: L-glutamate, L-lysine, L-methionine, L-serine, and L-tyrosine. Amino acid utilization via the Stickland reaction was tested in a basal medium without cysteine but in the presence of 0.2 % (v/v) yeast extract; the end products formed were determined and compared to controls without amino acids. Strain CEJFT1B
T was capable of respiration by the Stickland reaction on the limited amino acid pairs: L-alanine+glycine, L-valine+L-proline, Lleucine+L-proline and L-isoleucine+L-proline.
The physiological recharacterization of S. lortetii DSM 3070 T showed significant differences to the initial description of Sporohalobacter salinus sp. nov.
the type strain, particularly with respect to the ability of the strain to utilize carbohydrates as a sole carbon and energy source and the absence of spores and vacuole gas. According to Oren (1983) , S. lortetii grew well in a rich medium containing glutamate, yeast extract, nutrient broth and Casamino acids as organic nutrients. Glucose and a few other carbohydrates stimulated growth, although they were poorly utilized. In contrast to the original description, here S. lortetii DSM 3070 T used glucose, fructose, trehalose, mannose, maltose, sucrose, starch, pyruvate, malate and fumarate. It was unable to use Casamino acids, tryptone or amino acids. Glucose fermentation by S. lortetii DSM 3070 T produced similar end products to those of strain CEJFT1B T , but in different proportions (Table 1) . In contrast to the original description, spores were never observed in cultures or after pasteurization tests. Table 1 lists the differences  between strain CEJFT1B T and S. lortetii DSM 3070 T with respect to the utilization of carbohydrates and amino acids.
The cellular fatty acid composition of strain CEJFT1B T and S. lortetii DSM 3070
T was determined at the Identification service of DSMZ. Fatty acid methyl esters were analysed by gas chromatography using the Microbial Identification System (MIDI Sherlock version 6.1, TSBA40 database). There were no significant differences in the cellular fatty acid composition between the two strains ( Table 2 ). The main fatty acids detected were mono-unsaturated hexadecenoic acids (C 16 : 1 v9 and C 16 : 1 v7) and saturated hexadecanoic (C 16 : 0 ) and myristic (C 14 : 0 ) acids.
Analysis of the respiratory quinones and polar lipids of strains CEJFT1B
T and S. lortetii DSM 3070 T was also carried out by the Identification Service of the DSMZ using cell material grown under optimal conditions for both bacteria. No respiratory quinones could be detected in either strain, and the polar lipid profiles of the two strains only differed due to the presence of an unidentified aminolipid in S. lortetii DSM 3070
T . Common polar lipids were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylglycolipid and four unidentified phospholipids (Fig. S1 , available in the online Supplementary Material).
The genus Sporohalobacter, family Halobacteroidaceae, was proposed by Oren et al. (1987) to accommodate an anaerobic, Gram-negative, spore-forming, halophilic bacterium isolated from deep sediments of the Dead Sea cultured in complex culture medium containing trypticase, glutamic acid and yeast extract (Oren, 1983) . This micro-organism had endospores with attached vacuoles, though sporulation was more often observed on solidified medium than in liquid medium. This strain, formerly designated Clostridium lortetii, was found to be unable to utilize a simple medium with carbohydrates as the main or only energy sources. At the time of writing, S. lortetii DSM 3070 T is the type strain of the only species of the genus Sporohalobacter with a validly published name. In the present work, we have recharacterized the type species of S. lortetii, which is deposited in the DSMZ culture collection as DSM 3070 T , and we found significant differences in the substrate specificity compared to the published data (Oren, 1983) . The ability of strains of species of the genus Sporohalobacter to sporulate remains unclear. To date, the number of strains of species of the genus Sporohalobacter is insufficient to emend the genus description.
Apart from the phylogenetic differences, there are also significant genetic and phenotypic differences between strain CEJFT1B T and S. lortetii DSM 3070 T . Strain CEJFT1B T is, therefore, proposed as a novel species of the genus Sporohalobacter for which the name Sporohalobacter salinus sp. nov. is suggested.
Description of Sporohalobacter salinus sp. nov.
Sporohalobacter salinus (sa.li9nus. N.L. masc. adj. salinus salted, salty).
Cells are rods (0.7-1.262-5 mm). Non-motile, Gramstain-negative and non-spore-forming. Strictly anaerobic heterotroph. Halophilic, growing optimally at 20 % (w/v) NaCl (range 5-30 %). Temperature range for growth is 30-60 u C with optimal growth at 45 u C. The pH optimum for growth is 6.8. Yeast extract is required for growth. Sugars utilized as the main carbon and energy source are: glucose, fructose, sucrose, pyruvate and starch. The main end products of glucose catabolism include acetate, butyrate, carbon dioxide and hydrogen. Casamino acids and some amino acids (L-glutamate, L-lysine, L-methionine, L-serine, L-tyrosine) also serve as growth substrates. Capable of respiration by the Stickland reaction on the following limited amino acid pairs: L-alanine+glycine, L-valine+L-proline, L-leucine+L-proline and L-isoleucine+L-proline. The predominant cellular fatty acids are C 16 : 0 , C 16 : 1 v9c, C 16 : 1 v7c and C 14 : 0 . The polar lipids consist of phosphatidylglycerol, diphosphatidylglycerol, phosphatidylglycolipid and four unidentified phospholipids.
The type strain CEJFT1B T (5DSM 26781 T 5JCM 19279 T ) was isolated from the subsurface sediment of the shore of the chott El Jerid in Tunisia. The G+C content of the genomic DNA of the type strain is 32.3 mol%. 
